Cisplatin (Cis) is one of the most commonly used antineoplastic drugs. It is a chemotherapeutic used for solid organ malignancies such as brain, neck, male and female urogenital system, vesical, and pulmonary cancers. The therapeutic efficacy of Cis is largely limited due to its toxic side effects, which include nephrotoxicity and hepatotoxicity. While the exact mechanism of Cis-induced hepatotoxicity is not completely understood, it is considered to be associated with oxidative damage (1) . During Cis toxicity, oxidative stress and the production of reactive oxygen species (ROS) lead to an increase in the release of pro-inflammatory cytokines, such as tumor necrosis factor alpha (TNF-α) and interleukin-6 (IL-6) (2,3). These cytokines accelerate the apoptotic process and cellular damage. ROS are potent oxidizing and reducing agents that lead to cell membrane damage by activating neutrophils and by lipid peroxidation.
Infliximab (Ib) is an inhibitor of TNF-α and it was developed as a therapeutic agent for the TNF-α-mediated disease. It binds and neutralizes TNF-α. A previous study reported that Ib administration strongly diminished serum levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST) and TNF-α in subjects with liver toxicity (4) . Several studies have shown that Ib alleviates cellular damage by reducing ROS and cytokine levels (5-7). Ib ameliorates carbon tetrachloride-induced liver injury by decreasing the production of transforming growth factor beta and interleukin 1 beta (IL-1β) and by regulating purine metabolism (8) . Ib also decreases liver injury by decreasing the production of IL-1β and TNF-α that typically results from methotrexate-induced hepatotoxicity, and by decreasing the formation of peroxynitrite radicals by preventing the formation of excess nitric oxide (7) .
Carbonic anhydrases (CA), such as CA-II, are zinc metalloenzymes that reversibly convert carbon dioxide to bicarbonate. They are expressed in many tissues, including the liver (9) . High CA-II levels have been found to be related to carbonate radicals and some carcinomas (10) . A previous study has shown that Cis overdose affects CA-II in renal tissues, leading to an acceleration of nephrotoxicity (11) . However, the effect of Cis overdose on CA-II in liver tissues has not yet been reported. Carbamoyl-phosphate synthetase-1 (CPS-1) is a urea-cycle enzyme found in hepatic mitochondria. A decrease in its enzymatic activity leads to high bicarbonate levels (12) . As cancer cells utilize bicarbonate as an energy source, high bicarbonate accelerates cancer cell proliferation (13) .
There are no adequate studies in the literature regarding the combined use of Cis and Ib (CIN). The aim of this study was to investigate whether Ib prevents Cis-induced hepatotoxicity and whether usage of CIN together shows a synergistic or adverse effect.
MATERIALS AND METHODS

Animals
Thirty Wistar albino male rats with weights of 250 to 300 g (12-15-week-old) were used in our study. The rats were randomly subdivided into three groups as follows: The Cis group (n=10), the CIN group (n=10) and the control group (n=10). This research was carried out according to the Guide for the Care and Use of Laboratory Animals (NIH, 1985) . This study was approved by the local ethical committee (Approval number: 2012/17).
Experimental design
An isotonic saline solution that was equal in volume to what was received by the Cis group was administered to the control group by intraperitoneal injection. The animals in the Cis group received a single-dose injection of Cis (Cisplatinum Ebewe, 0.5 mg/mL) (7 mg/kg), administered intraperitoneally, and were sacrificed five days later (14) . A single dose of Ib (Remicade®; Schering plough, USA) (7 mg/kg) was given to the CIN group rats 72 h prior to Cis injection (5) . A single dose of cisplatin (Koçak Pharma; İstanbul, Turkey) (7 mg/kg) was given after 72 h and the animals were killed five days after this injection. All groups were killed under anesthesia using ketamine (Pfizer Inc, NY, USA) hydrochloride. Hepatic tissues were removed from the animals and were directly stored at -80 0 C until analysis.
Biochemical parameters
Blood samples of 10 ml were drawn from all rats and collected into tubes for biochemical analysis. The samples were kept at room temperature for 15 min before being centrifuged at 3,000 rpm for 10 min. The biochemical parameters, such as AST and ALT, were analyzed using commercial kits (ARCHI-TECT c16000, Abbott Laboratories; IL, USA).
Tissue homogenates
The tissues were homogenized in phosphate-buffered saline (PBS) at pH 7.4 and centrifuged at 10,000 g for 20 min. Aliquots of the supernatant were frozen at -80°C. Levels of TNF-α and IL-6 were checked within one month.
Protein quantification
A turbidimetric procedure was used to measure protein levels in the tissue homogenates, with benzethonium chloride used as a protein-denaturing agent. Proteins in the form of fine suspensions were measured using the turbidimetric method at 404 nm (ARCHITECT c16000, Abbott Laboratories; IL, USA)
Balkan Med J, Vol. 33, No. 5, 2016 Tissue TNF-α TNF-α concentration was evaluated using a commercially existent rat TNF-α enzyme-linked immunosorbent assay (ELISA) kit (eBioscience; Vienna, Austria). The absorbance was evaluated by the ELISA plate reader at a wavelength of 450 nm. The intra-assay coefficients of variation were <5%, and the inter-assay coefficients of variation were <10%. The limit of detection (LOD) for the TNF-α assay was 11 pg/mL.
Tissue IL-6
The value of IL-6 was evaluated using a commercially available rat IL-6 ELISA kit (Invitrogen; CA, USA). Absorbance was evaluated at a wavelength of 450 nm using the ELISA plate reader. The intra-assay coefficients of variation were 3.5% and inter-assay coefficients of variation 6.3%. The LOD for the IL-6 assay was <5 pg/mL.
Immunohistochemistry
The liver tissues were fixed in 10% neutral formaldehyde for 24 hours before being washed under running water for eight hours. Then they were rinsed out with an ethanol-xylene series and embedded into liquid paraffin using an automated tissue follow-up system (Citadel 2000, Thermo Fisher Scientific; Shandon, England). The liver tissues were cut into 3-4 μm thick sections using a rotary microtome (RM2255, Leica; Wetzlar, Germany) in preparation for immunohistochemical staining. The sections were kept in xylene for 20 min before applying an alcohol series (50-100%), followed by a 10 min incubation in an H 2 O 2 solution. They were then washed in PBS, heated for 4-5 min in a citrate buffer solution by 800-Watt power, before incubating in a secondary blocker substance for 20 min. Before being stained with an anti-CA-II antibody (code: ab124687, Abcam Plc.; Cambridge, UK) or an anti-CPS-1 antibody (code: ab45956, Abcam Plc.; Cambridge, UK), each slide was put in different dilutions of primary antibody (anti-CPS1 1 µg/mL; anti-CA-II 1/250-/500) for 75 min. Diaminobenzidine solution was employed as a chromogen and Mayer's hematoxylin was utilized as a counterstain for 3-5 min. PBS was operated as a negative control. After being covered with proper covering materials (Entellan mounting medium, code: 107960, Merc; Darmstadt, Germany), all preparations were photographed using a digital camera (DP72, Olympus; Tokyo, Japan) attached to a light microscope (BX51, Olympus; Tokyo, Japan). The histopathological examination as performed in the previous studies, after immunohistochemical staining, the preparations were divided into four categories according to the proportion of immunopositive reaction regions of the tissue: mild (+), moderate (++), severe (+++), and very severe (++++) (15, 16) .
The tissue blocks were cut into 4-5-µm tsections before being stained by hematoxylin and eosin (H&E) for histopathological examination. The sections have been stained by H&E and they were blindly evaluated by two histologists and a pathologist. A previously used hepatotoxicity-scoring system for liver injury by Cure et al. (16) was used as a model. The evaluation included cell degeneration, cell vacuolization, edema, lymphocytic infiltration and cell loss. Scoring from 0 to 4 was considered as mild (+), moderate (++), severe (+++) and very severe (++++) (16) .
Statistical analysis
In this study, all data analyses were performed using the statistical software SPSS for Windows (version 13.0; SPSS Inc.; Chicago, IL, USA). The differences among the groups were appraised by Kruskal-Wallis variance analysis test. When the p-value was statistically significant after Bonferroni correction, pairwise comparisons were carried out using MannWhitney U test. The biochemical and histopathological results were presented as means±SD. Statistically, significant differences were obtained at a p value of less than 0.017.
RESULTS
Biochemical analysis
The level of AST in the Cis group (67.0±8.0 IU/L) was much higher than in the control group (41.0±11.4 IU/L, p=0.001). The level of AST in the Cis group was higher than in the CIN group (60.3±12.1 IU/L), but it was not statistically significant. The level of ALT in the Cis group (70.3±15.8 IU/L) was much higher than in the control group (38.7±10.9 IU/L, p<0.001) ( Table 1 ). The level of ALT in the Cis group was higher than in the CIN group (57.2±14.3 IU/L), but it was not statistically significant ( Table 1 ). The tissue level of TNF-α in the Cis group (345.5±40.0 pg/mg protein) was considerably higher than in the CIN group (278.7±62.1 pg/mg protein, p=0.013) and the control group (239.0±64.2 pg/mg protein, p=0.003) ( Table 1) . Tissue levels of IL-6 in the Cis group (487.7±43.7 pg/mg protein) were much higher than in the control group (400.3±36.1 pg/mg protein, p=0.001). The level of IL-6 in the Cis group was higher than in the CIN group (441.9±43.7 pg/mg protein), but the difference was not statistically significant (Table 1) .
Histological analysis
According to the histopathological examination via light microscopy, no cellular deformities were found in the control group liver, stained by H&E and immunohistochemical staining methods (Figure 1a ing channels, endothelial cells and vessels of the portal region had a normal histological morphology, in addition to rounded nuclei and eosinophilic cytoplasm of normal big polygonal hepatocytes. Sinusoids among hepatic cords were normal and the Kupffer cells were located on their walls facing the lumen. The perilobular connective tissue had a normal appearance and the vessels were normal ( Table 2) .
Evaluation of the Cis group by light microscopy showed dense basophilic contents and swelling of the hepatocytes (Figure 1b) . The hepatocytes around the central veins had dense, irregularly shaped clusters of degenerative cells with nuclei surrounded by empty vacuoles, a sign of necrotic hepatocytes. (Table 2). There was an increase in apoptotic cells associated with high-density vacuolar degeneration of hepatocytes adjacent to the central veins. A small amount of perivascular round cell infiltration was considered in the portal area due to the increase in the connective tissue. Additionally, there were extensive expansions in the sinusoidal spaces. Some very slightly eosinophilic hepatocytes were found to have normal morphology. Edema and hepatization were observed in the large vessels ( Table 2) . Examination of the CIN group by light microscopy showed a decrease in the growth of hepatocytes with mild basophilic contents (Figure 1c ). There was a decrease in hepatocyte necrosis in regions surrounding the central veins. Even though there were not many empty vacuoles, they were observed, accompanied by cell degeneration. In the regions of low vacuolar degeneration, lightly stained apoptotic cells were observed besides easily distinguishable hepatocytes. Perivascular round cell infiltration was observed in the connective tissues of the portal area. There was a decrease in the sinusoidal dilatations among the hepatic cords (Table 2) .
Carbonic anhydrase II activity in the Cis group was much higher than in the control group (p<0.001) and the CIN group (p<0.001) ( Figure 2, Table 2 ). CPS-1 activity in the Cis group was significantly lower than in the control group (p<0.001) and the CIN group (p<0.001) ( Figure 3 , Table 2 ).
DISCUSSION
In the current study, we examined the possible preventive effects of Ib on Cis-induced hepatotoxicity. Histopathological and biochemical examinations of the liver showed that the administration of Ib reduced Cis-induced liver damage. In our study, histopathological evaluation of the Cis-treated group revealed cell degeneration, cellular loss, vacuolization and extensive lymphocytic infiltration; however, the CIN group had less histopathological damage than in the Cis group.
Cis-induced liver toxicity is associated with ROS. High doses of Cis may lead to excessive formation of ROS, contributing to oxidative stress and its complications such as inflammation, which is characterized by excessive production of the cytokines TNF-α and IL-6, and the activation of a cascade through inflammatory signaling pathways (17, 18) . Elevated levels of free radicals and pro-inflammatory cytokines with a concomitant decline in exogenous and endogenous antioxidants may cause injury to cellular organelles in the liver. Increased ROS and pro-inflammatory cytokines have been demonstrated to induce hepatocyte apoptosis (19) .
Aspartate transaminase and ALT are widely used in tests as markers of hepatocellular damage. Aminotransferases may increase excessively and abruptly during toxic hepatitis. However, alone these tests are insufficient to indicate the severity of liver damage and the prognosis; they are less effective than histopathological examination (20, 21) . In this study, AST and ALT levels in the Cis group were higher than in the CIN group. However, these differences were not statistically significant. The presence of high AST and ALT levels in the Cis and CIN groups indicates hepatocellular damage related to Cis overdose. However, histopathological damage in the CIN group was lower than in the Cis group. Tumor necrosis factor alpha, an important pro-inflammatory cytokine, is released from activated macrophages. TNF-α and its superfamily members are known to have both beneficial and harmful effects. The increased production of ROS can accelerate the expression of nuclear factor kappa B and proinflammatory cytokines such as TNF-α and IL-6, which could increase the cytotoxic effects of Cis in liver tissues (22) . A previous study has shown that UTL-5g-a novel small-molecule TNF-α inhibitor protects the liver from Cis-induced hepatotoxicity, as indicated by lowering the elevated levels of AST, ALT, and TNF-α (23) . Another study has shown Ib administration to dramatically lower serum ALT, AST and TNF-α levels (4). It has been reported that Ib decreases ROS, TNF-α, and apoptosis in Cis-induced intestinal damage in rats (24) . Infliximab reaches the effective blood level after three days; therefore, in this study we applied Cis after three days of Ib administration (5). In the current study, TNF-α and IL-6 levels in the Cis group were higher than in the control group. TNF-α, IL-6, AST and ALT levels in the CIN group were lower than in the Cis group. However, the differences were not statistically significant. Ib may prevent hepatotoxicity by inhibiting TNF-α and decreasing pro-inflammatory cytokines produced secondary to Cis-induced ROS. Besides, histological findings of CIN group have been shown Ib to be effective in preventing cellular damage.
Tumor necrosis factor alpha was known as a cytokine that could kill cancer cells; however, sometimes it can cause the reproduction, invasion, and metastasis of cancer cells (25) . Therefore, elevated TNF-α levels may have deleterious outcomes. High TNF-α levels are related to anti-angiogenesis, whereas low levels are associated with pro-angiogenic effects (26) . In the literature, there have been case reports of patients treated with Ib who developed cancer because of decreased TNF-α levels (27) . In the current study, the CIN group had lower TNF-α levels than the Cis group. However, it was not lower than the control group. The moderate elevation of TNF-α by the combination of Cis and Ib might prevent cancer development.
Carbonic anhydrase II is highly synthesized in numerous tissues, including the liver. It catalyzes the reversible reaction that occurs between carbon dioxide and bicarbonate (14) .
Overexpression of CA-II enhances Cl − /HCO 3 − exchange activity, which can lead to elevated levels of intracellular bicarbonate (28) . Increased CA-II causes the conversion of surplus bicarbonate to carbonate radicals (29, 30) . Recent studies have suggested carbonate radicals to be the major mediator of various types of oxidative damage (31) . Conversely, the inhibition of CA-II activity causes metabolic acidosis. Cure et al. have reported Ib to decrease the nephrotoxic effects of Cis overdose in renal tissues (11) . In this study, while the activity of CA-II in the Cis group was obviously higher than in the control group, the activity of CA-II in the CIN group was similar to in the control group. The level of CA-II in kidney tissue is higher than in liver tissue, and the nephrotoxic effect of Cis is more obvious than the hepatotoxic effect. Therefore, Cis may have different effects on CA-II enzyme levels in each individual tissue. A previous study reported that Ib prevented kidney damage by inhibiting metabolic acidosis, caused by decreased CA-II levels (11) . We have found out that Ib ameliorates liver injury by preventing oxidative stress which arises from increased CA-II levels. Perhaps, Ib may regulate CA-II enzyme levels in some tissues such as liver and kidney tissues.
Carbamoyl phosphate synthetase-1, a 1,463-amino acid polypeptide, catalyzes the three-step considered to be the key step reaction of the urea cycle. In the reaction, carbamoyl phosphate is produced from ammonia, bicarbonate, and adenosine triphosphate (32) . If the CPS-1 activity is decreased, this may raise serum bicarbonate levels (15, 33) . The bicarbonate-dependent peroxidase activity of the scavenger enzyme superoxide dismutase converts hydrogen peroxide to carbonate radicals, which oxidize the enzyme (34) . Elevated CA-II enzyme activity accompanied by low CPS-1 enzyme activity may lead to increased levels of bicarbonate and peroxynitrite radicals, thus inducing tissue damage.
As carcinoma cells have an advanced replication rate than normal cells, they require more bicarbonate to participate in these metabolic pathways. Bicarbonate is a substrate for carbonic anhydrase enzymes and so its isoforms play a prominent role in the growth of tumor cells (35) . Bicarbonate exists in plenty of tissues with superior CA-II enzyme level, such as gastric cancer, hepatocellular carcinoma and gall duct cancers, colorectal cancer, kidney cancers, melanoma, astrocytoma, pancreatitis cells in mouse and myocardial cell hypertrophy (36) . In our study, the level of CA-II was elevated in rats given cisplatin, whereas the level of CPS-1 was low. The high level of CA-II and low level of CPS-1 might increase bicarbonate and peroxynitrite levels, leading to liver tissue damage. CA-II and CPS-1 activities were similar in both the CIN group and the control group. The concomitant intake of Ib and Cis may show a synergistic effect. Taking these two drugs together may decrease bicarbonate levels via these enzymes, leading
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Limitations of the study
In this study, it would have been interesting to investigate the preventative effect of Ib against hepatotoxicity in an experimental cancer model. However, as the toxic effect of Cis overdose on CA-II and CPS-1 in liver tissues and the preventive effect of Ib against this toxicity remain to be elucidated, our study lays the groundwork for future studies using cancer models.
In conclusion, Cis overdose may lead to liver damage by increasing cytokine production and ROS formation. Additionally, it may increase oxidative stress-induced tissue damage by increasing CA-II enzyme levels and decreasing CPS-1 enzyme levels. Ib is a potent TNF-α inhibitor. We suggest that it decreases Cis overdose-induced hepatic damage by blocking TNF-α. Ib may also protect against liver damage by regulating the activity of CPS-1 and CA-II. 
